Addition of Pythium nunn to aerated steamed soil infested with P.
The objective of this research was to study the population Plants were grown in a constant-temperature growth room at 26 C, dynamics of P. ultimum and P. nunn in aerated steamed and raw with a 12-hr light/dark cycle (fluorescent and incandescent soil, and corresponding effects on disease suppression. Protection lighting). Plants were watered twice daily with distilled water. Soil of seeds against damping-off by use of seed treatments and matric potential was maintained at >-0. I bars at all times. Matric reduction of root pruning by use of soil treatments with P. nunn potential was determined by measuring percent moisture between were also investigated.
waterings in a preliminary experiment. Percent moisture was converted to matric potential by use of a moisture retention curve.
MATERIALS AND METHODS
At no time did percent moisture fall below 10% (-0. 1 bar). Percent emergence was recorded 7 days after planting. All pots were Soil. Nunn sandy loam (7) was used in all experiments. The soil replanted at 10, 20, and 30 days. Population densities of P. was air-dried, sieved through a 4-mm-mesh screen, and stored for ultimum and P. nunn were determined at 1, 3, 7, 14, 21, 28 , and 56 days by dilution plating on a Pythium selective medium (11). P.
The publication costs of this article were defrayed in part by page charge payment. This ultimum and P. nunn could be distinguished from each other by article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. § differences in colony morphology and growth rate (7) .
to five seedlings per pot after I wk. Plants were grown for 30 days in Seed treatment. Soil inoculum slurry. For seed treatment with a the greenhouse (22-28 C day, 11-22 C night) with no additional slurry of inoculum, I g of inoculum of P. nunn (1% rolled oats) was lighting and watered daily with nutrient solution (Peters general mixed with 9 ml of 1% (w/v) Pelgel solution (The Nitragin Co, 1:200, W. R. Grace & Co., Fogelsville, PA) .
Milwaukee, WI). The soil inoculum slurry was poured over 60 After 30 days, shoots and roots were removed and oven-dried at 60 cucumber seeds in a 12 X 12 X 2-cm weighing dish. Untreated seeds C for 24 hr, and dry weights measured. Pots were sampled for were coated with 10% (w/v) slurry of aerated steamed soil in 1% population densities of P. ultimum and P. nunn at 1, 7, 14, and 21 Pelgel solution. All seeds were air-dried for 24 hr before planting. days.
Oospores. Oospores for seed treatments were produced by Disease suppression at the first planting was significant in raw 30I-Isoil naturally infested with P. ultimum and amended with 300 3 2 3 4 cfu/g of P. nunn (Fig. 3) . However, no suppression was evident in PLANTING the second and third planting or in the fourth planting after Fig. 3 . Percent emergence of successive plantings of cucumbers in naturally amendments with bean leaves. infested raw soil, with and without Pythium nunn. Initial inoculum density
Effects of initial population density of P. ultimum. In the first of P. nunn = 300 colony-forming units (cfu) per gram, P. uhimum = 20 experiment, inocula (1% oats) were mixed with aerated steamed cfu/g. Two amendments of ground bean leaves (0.3%, w/w) were added to achieve population densities of 0, 100, 300, or 1,000 cfu/g of P. between the third and fourth plantings.
ultimum, together with either 0 or 300 cfu/g of P. nunn. Another experiment was similar to the first, except that inoculum of P.
The incidence of disease induced by P. ultimum when P. nunn nunn was grown on 0.3% bean leaves. Autoclaved formulation of was not present was not influenced by inoculum levels of 10' to 10' P. nunn also was added as a treatment in the second experiment.
cfu/g of soil (Figs. 4, 5 ). This trend was true for all plantings and Both experiments were done in a growth room.
was evidenced by regression slope values not significantly different In the experiment with P. nunn grown on a 1% rolled oats from zero. In the 1% rolled oats experiment at the second and third formulation, disease suppression was significant at all inoculum plantings (Fig. 4B, C) , disease incidence was above 60% in all levels of P. ultimum in all three replantings. Significant differences treatments without P. nunn; in the 0.3% bean leaves experiment, were observed between all ID/DI regression lines of treatments with and without P. nunn. However, consistently less disease suppression was observed as the initial inoculum levels of P. 9 9 ultimum increased. Suppression of seedling damping-off also Wi decreased with each successive planting. In the experiment with P. 
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8 - Fig. 4 . Effect of initial inoculum density (ID) of Pythium ultimum on incidence of cucumber damping-off, with and without P. nunn (initial ID= incidence of cucumber damping-off, with and without P. nunn (initial ID = 300 colony-forming units per gram). A, first planting; B, second planting; 300 colony-forming units per gram). A, first planting; B, second planting; C, third planting, D, fourth planting. Inoculum of P. ultimum was produced C, third planting. Inocula of both P. ultimum and P. nunn produced on on autoclaved soil plus 1% rolled oats; inoculum of P. nunn was produced autoclaved soil plus 1% rolled oats (w/w). Correlation coefficient on autoclaved soil plus 0.3% ground bean leaves. Correlation coefficient significant at P,<0.05. significant at P < 0.05. disease incidence was above 90% in these same treatments (Fig. the 1% rolled oats experiment, but only 0.5-1 log unit in the 0.3% 5B-D).
bean leaves experiment. By 30 days in the 0.3% bean leaves In treatments with P. nunn, the slope value of the ID/ DI curve experiment, population densities of P. ultimum in the treatments was not significantly different from zero at the first planting (Figs. with and without P. nunn were not statistically different. 4A, 5A), and disease incidence was less than in the treatments Because no statistical differences were seen in population without P. nunn. In successive plantings, however, disease densities of P. nunn among treatments, population densities were incidence was affected by initial inoculum density of P. ultimum, as averaged over treatment at each time. Population densities of P. evidenced by slope values significantly greater than zero (Figs. nunn increased more rapidly where the inoculum was grown on a 4B-C, 5B-D). Less disease was measured in treatments with lower 1% rolled oats formulation (Fig. 8) . The logarithmic increase in levels of initial inoculum of P. ultimum. With each successive population was delayed by 7 days in the experiment where P. nunn planting, the disease incidence increased, but the slope of the was grown on 0.3% bean leaves. ID/DI lines always remained positive in treatments with P. nunn.
Effects of initial population density of P. nunn. Inoculum (1% In both experiments, population densities of P. ultimum were rolled oats) of P. ultimum and P. nunn were added to aerated significantly less in the treatments with P. nunn added (Figs. 6, 7) . steamed soil to achieve population densities of 0 or 30 cfu/ g of P. After 7 days, no statistical difference in population densities were ultimum and 0, 30, 100, 300, 1,000 or 3,000 cfu/g of P. nunn. observed among treatments with different initial inoculum Experiments were conducted in a growth room. densities of P. ultimum, so population densities were averaged at
The population density of P. ultimum was inversely correlated each time. Populations of P. ultimum were reduced 1-2 log units in with the initial inoculum density of P. nunn added to the soil at the start of the experiment (Fig. 9) . Overall population densities of P.
I I I
I I I I ultimum increased over time, but increasing levels of P. nunn still -, -oresulted in decreased populations of P. ultimum. Increasing levels I of P. nunn also decreased disease incidence (Fig. 10) . All regression lines (Figs. 9, 10) had slope values significantly less than zero. At I every planting, the addition of 3,000 cfu/g of P. nunn to soil I Iinfested with P. ultimum resulted in disease incidences not
Istatistically different from treatments where P. ultimum was not oi Iadded. Effect of P. nunn on root pruning caused by P. ultimum. Zero or 1
• 100 cfu/g of P. ultimum and 0 or 300 cfu/g of P. nunn (1% rolled I oat inoculum) were added to aerated steamed soil, and placed in the bottom half of the pots. The top half was filled with aerated cucumbers, compared to uninoculated controls (Fig. 12) . Root dry steamed soil and planted as described above, weights were significantly higher in the treatments where P. nunn P. ultimum reduced shoot dry weights, compared to uninfested was added to aerated steamed soil infested with P. uhimum than in controls (Fig. 11) . However, addition of P. nunn to soil infested treatments with P. ultimum alone. Significant reductions in with P. ultimum did not significantly increase shoot dry weights. population densities of P. ultimum were also seen in the treatments P. ultimum also significantly reduced the root dry weights of where P. nunn was added. Seed treatments with P. nunn. Cucumber seeds treated with either the soil formulation or oospores (220 germinable oospores per seed) of P. nunn emerged significantly better than untreated seeds planted in aerated steamed soil infested with P. ultimum (Fig. 13). 8 600 
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0. CONTROLt P. ultimum P ultimum CONTROL P. nunn P. u/C R./um P. uutimum + + P nunn P nunn Fig. 13 . Percent emergence of cucumber seeds untreated or treated with Fig. 11 . Shoot dry weights of 30-day-old cucumbers planted in pots with Pythium nunn planted in aerated steamed soil infested with P. ultimum. two soil layers. The top layer contained aerated steamed soil and the Initial inoculum density of P. ultimum = 30 colony-forming units per gram. bottom layer contained aerated steamed soil infested with Pythium Control treatments were untreated seeds planted in aerated steamed soil. A, ultimum and/or P. nunn. Initial inoculum density of P. ultimum = 100
P. nunn applied as oospore suspension. B, P. nunn applied as a 10% (w/w) colony-forming units (cfu) per gram, P. nunn = 300 cfu/g. Bars represent soil inoculum slurry with 1% Pelgel (w/v 
